Study Design: Prospective cross-sectional study. Objectives: To investigate the timing of deep vein thrombosis (DVT) onset secondary to spinal cord injury without anticoagulant therapies. Setting: Spinal Cord Injury Center in Hokkaido, Japan. Methods: Between November 2012 and June 2013, patients with spinal cord injury who were admitted to our hospital within 1 day after the injury and treated surgically within 24 h underwent a neurological examination, leg vein ultrasonography and D-dimer test 1, 3, 7, 14 and 28 days after surgery. All patients received treatment with intermittent pneumatic compression and elastic stockings, but without any anticoagulant. Results: DVT developed in 12 patients (11 men and 1 women), with a mean age of 62.2 years (range, 41-80 years; mean age of total sample, 63.2 years (range, 25-78 years)), all distal to the popliteal vein. DVT occurred more often with a more severe paralysis (66.3%, AIS A and B). The median (± standard error) length of time from the operation to DVT detection was 7.5 ± 2.2 days. The mean D-dimer level upon DVT detection was 14.6 ± 11.8 μg ml − 1 , with no significant differences between those who developed DVT and those who did not at any of the time points. Conclusion: These results suggest that DVT can develop at the very-acute stage of spinal cord injury and the incidence increases with a more severe paralysis. DVT detection was more reliable with ultrasonography, which should be used with DVT-preventive measures, beginning immediately after the injury, for the management of patients with spinal cord injury. 
INTRODUCTION
Deep vein thrombosis (DVT) is one of the most dangerous complications of a spinal cord injury. DVT has a high incidence in patients with spinal cord injury as compared with patients with other diseases 1 with a high mortality rate if complicated by pulmonary embolism. 2 Although prevention, early detection and timely treatment of DVT are important during the management of patients with spinal cord injury, the timing of DVT onset secondary to a spinal cord injury has not yet been determined. In order to clarify these problems, this study aimed to investigate the timing of DVT onset by prospectively analyzing the patients immediately after a spinal cord injury.
MATERIALS AND METHODS
A prospective study was conducted in all patients with spinal cord injury admitted to our hospital between November 2012 and June 2013 within 1 day after the injury and treated surgically within 24 h. A neurological examination, leg vein ultrasonography and clotting system test (D-dimer) was performed 1, 3, 7, 14 and 28 days after surgery. Leg vein ultrasonography was carried out by using an Aplio XG (TOSHIBA, Tokyo, Japan) by experienced sonographers.
Intermittent pneumatic compression (IPC) with a calf pump (Kendall SCD EXPRESS, COVIDINE, Dublin, Ireland) and elastic stockings (ES) were used in all cases. The patient were kept foot pump attached throughout the day (except when the patient left the bed) for at least 2 consecutive weeks. The use of ES began on the day after the operation, as far as possible, with a median of 3 days between the operation and their use. Patients were advised to keep them on, except when bathing. One patient refused to wear them, and two patients had difficulty wearing them because of skin irritation. The other patients continued to use them until discharge from the hospital.
As a rule, we allowed the patients to leave the bed by using a wheelchair from the day after the surgery, with a median (± standard error) of 3 ± 0.7 days from the surgery. Ten patients were unable to leave their bed on the day after the operation because of elective surgery (six cases), mechanical ventilation (two cases) and chest tube (two cases).
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
RESULTS
The sample included 25 men and 4 women with a mean age of 63.2 years (25-78 years). The spinal cord injury occurred at the cervical segment in 19 cases and thoracic/lumbar segment in 10 cases. The cause of spinal cord injury was a fall from a great height in 11 cases, fall from a low height in 2 cases, same-level fall in 8 cases, traffic accident in 4 cases, fall from a staircase in 1 case and sports accident in 3 cases. The median period from injury to hospitalization was 0 day (0-1 day). Twenty-four patients were admitted to our hospital on the day of the injury and 5 were hospitalized on the following day. The severity of paralysis at admission (American Spinal Cord Association (ASIA) Impairment Scale (AIS)) was A in 9 cases, B in 2 cases, C in 8 cases and D in 10 cases. The paralyzed level (ASIA Neurological Level of Injury (NLI)) was C3-4 in 11 cases, C5-8 in 8 cases, T1-12 in 6 cases and L1-4 in 4 cases. DVT developed in 12 patients (41.4%; 11 men and 1 woman), with a mean age of 62.2 years (range, 41-80 years) . In all of these cases, the DVT was located distal to the popliteal vein. DVT affected both sides in 2 cases, the left side in 5 cases and the right side in 5 cases. Among these 12 patients, the injured level was the cervical segment in 7 cases and thoracic/lumbar segment in 5 cases, and the paralyzed level according to the NLI classification was C3-4 in 4 cases, C5-8 in 2 cases, T1-12 in 3 cases and L1-4 in 3 cases. The severity of paralysis (AIS) was A in 7 (58.3%) of these 12 cases, B in 1 case (8.3%), C in 3 cases (25.0%) and D in 1 case (8.3%). Thus, DVT occurred more often with paralysis of AIS grades A and B (complete motor paralysis) than with a partial motor paralysis (Tables 1a and b) . DVT was detected on postoperative day 3 in 3 cases (25.0%), postoperative day 7 in 5 cases (41.7%), postoperative day 14 in 1 case (8.3%) and postoperative day 28 in 3 cases (25.0%). The median length of time from the operation to DVT detection was 7.5 ± 2.2 days (± standard error) ( Table 2 ). The mean D-dimer level at DVT detection was 14.6 ±13.5 μg ml − 1 (range, 2.78-44.3 μg ml − 1 ). There was no significant difference between the DVT negative group and DVT positive group in terms of D-dimer level upon admission or on postoperative day 1, 3, 7, 14 or 28 (Mann-Whitney test, P = 0.117, 0.059, 0.028, 0.075, 0.306 and 0.124, respectively).
The cutoff D-dimer levels determined from the receiver operator characteristic (ROC) curve was 7.34, 7.88, 5.82, 10.99, 11.44, and 5.88 at admission and on the postoperative days 1, 3, 7, 14 and 28, respectively. The sensitivity/specificity (%) at these points of time were 75.0/70. 6 Deep vein thrombosis in spinal cord injury S Matsumoto et al
DISCUSSION

Timing and incidence of DVT in spinal cord injury patients
Concerning the pathogenesis of DVT, the three major factors in Virchow's triad (blood retention, capillary wall disorder and blood coagulopathy) are well known. 3 After spinal cord injury, paralysis is accompanied by reduced vascular contraction (because of a sympathetic nerve disorder) and reduced venous return (because of disturbed muscle contraction), leading to blood retention. 4 Furthermore, a possible loss of the circadian variation in hemostatic and fibrinolytic function has also been suggested in patients with spinal cord injury. Thus, DVT is quite likely to develop in the presence of spinal cord injury. Considering the known mechanisms for the onset of DVT, we need to bear in mind that the risk for DVT increases with more severe paralysis and the incidence of DVT is particularly high in patients with complete motor paralysis associated with spinal cord injury. 5, 6 In other words, the incidence of DVT is high in paralyzed patients with spinal cord injury; therefore, early detection and treatment are essential in such cases. For early detection, we need to understand the timing associated with DVT onset; however, we have little information regarding the timing of DVT onset. In a retrospective analysis of 52 patients, Sugimoto et al. 7 reported that they observed DVT 2-13 days after injury of the cervical segment of the spinal cord, suggesting that DVT can develop soon after spinal cord injury. To the best of our knowledge, the present study is the first to prospectively document the timing of DVT onset in patients with a spinal cord injury, with analysis commencing immediately after their injury. We detected no DVT positive patient on Day 1 but 3 patients were positive on Day 3, 5 on Day 7, 1 on Day 14 and 3 on Day 28.
As a result, DVT was detected 3 days after injury in 25% of the patients who developed DVT. Especially in the group of AIS A as complete paralysis, DVT occurred in 78% of patients. These findings indicate that proactive DVT prevention and diagnosis, beginning immediately after the injury, are indispensable in the management of the patients with a spinal cord injury.
How to diagnose DVT in spinal cord injury patients D-dimer measurement and leg ultrasonography are predominantly used for the diagnosis of DVT. However, according to a study of patients who developed DVT after total knee or hip replacement surgery, both the sensitivity and specificity of D-dimer are low, indicating that D-dimer alone does not provide a sufficient means of DVT diagnosis. 8, 9 Similar results were obtained in the present study, and the D-dimer level varied depending on the timing of the measurement, indicating a limitation in the accuracy of diagnosis based on D-dimer levels. DVT-inducing pulmonary embolism is a potentially fatal complication, and it seems advisable to use D-dimer only as an auxiliary indicator.
Diagnostic reliability is highest with leg ultrasonography. The sensitivity of ultrasonography in detecting leg DVT is reported to be 98-100% and its specificity to be 75-100%. [10] [11] [12] This is an excellent method for the noninvasive screening of DVT. 13 Shortcomings of this modality include the amount of time and labor required. For spinal cord injury accompanied by paralysis, periodic leg ultrasonography is indispensable. The results of the present study suggest that frequent leg ultrasonography, beginning immediately after injury, is needed for patients with severe paralysis (AIS A-C).
Prevention of DVT
In patients with a spinal cord injury, the incidence of DVT is quite high, and active measures for prevention are important, beginning from the acute stage of injury. 1 The basic principles for DVT prevention include the prevention of venous retention, stimulation of venous return, and anticoagulation, with the use of ES, IPC and low-dose unfractionated heparin (LDUH), respectively. In the present study, ES and IPC were used immediately after injury, but this approach could not prevent DVT from occurring. These results indicate that it is necessary to include LDUH in the treatment of paralyzed patients with spinal cord injury. However, since patients with spinal cord injury often have hemorrhaging around the spine or spinal cord, physicians are often cautious about the use of LDUH because bleeding inside/outside the spinal cord is likely to aggravate the paralysis.
Recommendations provided in the American College of Chest Physicians Guidelines 13 include the use of low-molecular weight heparin (LMWH) upon confirmation of hemostasis (Grade 2B), combined use of IPC and LDUH (Grade 2C), combined use of IPC and ES in cases where anticoagulants are contraindicated (Grade 1C+), and treatment with LMWH or an oral-dose vitamin K antagonist during rehabilitation (Grade 1C). Christie et al. 14 recommended treatment with LMWH within 72 h after injury or re-treatment with the same drug within 24 h after surgery. Further, no difference has been detected in the incidence of DVT or hemorrhagic complications between patients receiving 5000 U of unfractionated heparin every 8 h and those receiving 30 mg LMWH every 12 h, if treatment was started within 72 h after injury. 15 We have no objection to the view that LMWH or LDUH has a central role in the prevention of DVT among patients with spinal cord injury, even in the patients treated surgically. However, there is a particular need to establish the use of these drugs during the acute stage of spinal cord injury. Deep vein thrombosis in spinal cord injury S Matsumoto et al
